ORIGINAL ARTICLE PURPOSE We aimed to gain further insight in magnetic resonance imaging characteristics of mass-forming intrahepatic cholangiocarcinoma (mICC), its enhancement pattern with gadoxetic acid contrast agent, and distinction from poorly differentiated hepatocellular carcinoma (pHCC).
I
ntrahepatic cholangiocarcinomas (ICC) are primary liver cancers composed of carcinoma cells that resemble biliary epithelial cells surrounded by fibrous stroma of various degrees. The Japanese Liver Cancer Group has classified ICCs into three types: mass-forming, periductal-infiltrative, and intraductal (1) . The mass-forming type of intrahepatic cholangiocarcinoma (mICC) is the most common (60% of all ICCs) (2) and can show various imaging findings on dynamic computed tomography (CT) or magnetic resonance imaging (MRI) using extracellular contrast agent (3, 4) . Regardless of the findings on the arterial phase, delayed temporal contrast enhancement is a typical feature of ICC because of the distribution of extracellular contrast into intratumoral fibrous stroma (5) .
Intratumoral fat is an important diagnostic clue for hepatocellular carcinoma (HCC) and is frequently seen in well-differentiated HCCs (6) . However, the frequency of this finding has not been well evaluated in poorly differentiated HCCs (pHCC). From the standpoint of tumor vascularity, the arterial blood supply significantly decreases as the histological grade increases in the late stage of HCC development (7) . Thus, pHCC can show hypovascularity or ring-like enhancement, which sometimes mimics that of mICC. Despite the similarity of imaging findings on the arterial phase, delayed washout of pHCC can enable its differentiation from mICC when the examination is performed using an extracellular contrast agent. In spite of their similarities in preoperative imaging, hepatic resection is the only curative option for mICC, while other treatments such as radiofrequency ablation and transcatheter arterial chemoembolization can be alternative treatment options for pHCC. Thus, it is important to differentiate mICC from pHCC. Colorectal cancer metastasis is another main differential diagnosis, but usually it is easily diagnosed from the patients' history.
Several reports have demonstrated that there is a significant difference in ADC between benign and malignant lesions and that the mean ADC of benign lesions is higher than that of malignant lesions (8) . Radiologically, mICC is expected to be hypointense on T1-weighted images, hyperintense with central hypointensity on T2-weighted images, with no signal drop-off on chemical shift imaging and a low ADC value. Typically, pHCC is also hypointense on T1-weighted images, hyperintense on T2-weighted images, with or without signal drop-off on chemical shift imaging and a low ADC value. Thus, it seems to be difficult to differentiate mICC from pHCC on conventional MRI.
Gadoxetic acid, a recently developed hepatobiliary contrast agent, has become available for detection and characterization of focal hepatic lesions, and its usefulness has been reported by many researchers (9) .
As approximately 50% of the administered dose of this agent is taken up by functional hepatocytes, focal liver lesions without functional hepatocytes are hypointense (no uptake) on hepatobiliary phase (about 20 minutes after injection), in which contrast washout phenomenon is not valid with hepatobiliary agents. Thus, even though some HCC can show the uptake of gadoxetic acid (10), both mICC and pHCC are expected to show hypointense lesions in the hepatobiliary phase, making them indistinguishable from each other. Furthermore, the presence of a fibrous capsule, a characteristic finding of classic HCC (11) , cannot be evaluated on hepatobiliary phase. On the other hand, gadoxetic acid also works as an extracellular contrast agent for the first few minutes (12, 13) . To the best of our knowledge, there are no reports of the late phase (three to five minutes after contrast injection) imaging features of liver tumors on gadoxetic acid-enhanced MRI.
The aim of this study was to retrospectively determine unenhanced and gadoxetic-acid enhanced late phase imaging findings of mICC, with a special focus on distinguishing these findings from those of pHCC.
Methods

Patients
We identified 239 consecutive patients with surgically resected or explanted ICC or HCC at our hospital from June 2008 to May 2011. Sclerosing HCC or mucinous-type ICC patients were not found in this period. Eighteen cases of combined HCC and ICC were excluded. Based on the definitions provided by the Japanese Liver Cancer Group (1), 14 cases were mICC and 25 cases were pHCC. Patients who had undergone MRI without gadoxetic acid were excluded (three pHCC lesions). Thus, a total of 36 patients (14 patients with mICC lesions and 22 patients with pHCC lesions) were retrospectively selected for this study. Clinical data were obtained on serum viral markers (hepatitis B and hepatitis C), chronic liver disease, and Child-Pugh class. Patients with positive serologic results for hepatitis B surface antigen, antibody to hepatitis B core antigen, or anti-hepatitis C virus were considered to be positive for serum viral markers. Chronic liver disease was considered present when the viral marker result was positive or chronic hepatitis or cirrhosis was documented in the medical records or pathological reports.
Pathological evaluation
Two experienced pathologists (N.F. and S.I., with four and 13 years of experience, respectively) examined the resected specimens of all 36 cases. All specimens were fixed with formalin and cut to a thickness of 5 mm in the transverse plane, similar to axial MRI sections. Signs of fibrous capsule and intratumoral fibrous desmoplasia were evaluated and compared with MRI findings.
MRI protocol
MRI sequences are summarized in Table 1 . MRI was performed for all patients using a superconducting magnet operating at 1.5 T (Intera Achieva Nova Dual; Philips Healthcare) or 3.0 T (Achieva, Quasar Dual, Philips Healthcare) with a sensitivity-encoding (SENSE) body coil, including axial in -phase and out-of-phase T1-weighted gradient-echo images (chemical shift imaging, CSI), single-shot T2-weighted spin-echo images with or without fat suppression, and diffusion-weighted single-shot spin-echo echo-planar images. Apparent diffusion coefficient (ADC) maps were automatically generated on the operating console using all three images with b-factors of 0, 500, and 1000 s/mm 2 . Dynamic fat-suppressed T1-weighted gradient-echo images with a three-dimensional acquisition sequence ( T1-high resolution isotropic volume excitation [THRIVE]) were obtained using fluoroscopic triggering (Bolus Trak, Philips Medical Systems) before (precontrast) and at 18-25 s (arterial phase), 55-60 s (portal-venous phase), 90 s (venous phase), 3 min (dynamic late phase (14)), 10 min, and 20 min following the administration of gadoxetic acid (Gadolinium-ethoxylbenzyl-diethylenetriamine pentaacetic acid, Primovist, Bayer). Gadoxetic acid was administered as a bolus dose at a rate of 2 mL/s (0.025 mmol/kg body weight) through an IV cubital line (22-gauge) that was flushed with 20 mL saline using a power injector.
Assessment
Images of all axial sections of the tumor were evaluated in consensus by two radiologists (A.N. and K.I. with 17 and 16 years of experience in abdominal MRI, respectively). The reviewers were blinded to the pathological and clinical data. Qualitative image analysis included assessment of shape, intratumoral hemorrhage, fat, central hypointensity on T2-weighted images, fibrous capsule, arterial enhancement pattern, late enhancement, uptake of contrast on hepatobiliary phase (20 minutes after contrast injection), vascular invasion, and intrahepatic metastasis. The ADC value was also measured.
Lesion shape was classified as lobulated or round-oval. Intratumoral hemorrhage was identified by high signal intensity on CSI without signal drop-off together with absence of contrast enhancement. The presence of fat was identified by a signal drop-off on CSI. A fibrous capsule was identified by a hypointense rim having a thickness of 2 mm or more and encircling the lesion at the periphery on either a precontrast gradient-echo image or T2-weighted images. Rim enhancement seen on the dynamic late phase was also judged as a fibrous capsule. The arterial enhancement pattern was classified as ring-like or other. Late enhancement was defined as an area of gradually increasing intensity on the dynamic late phase image compared with that on precontrast and arterial phases. Positive uptake of contrast on hepatobiliary phase was qualitatively defined as higher intensity than those in the precontrast scan. The ADC value of each tumor was measured by placing a region of interest (ROI) on the ADC map. The largest possible round or oval ROI with an area of at least 0.7 cm 2 was placed on the solid region where the ADC was considered to be the lowest in the entire tumor. Regions of hemorrhage, degeneration, or necrosis were avoided by referring to the CSI, T2-weighted images, and contrast sequences. Nodules that were invisible on the ADC map were localized on other MRI sequences and correlated with the ADC map. When it was difficult to determine the lowest ADC region visually, the minimum value was recorded after placing ROIs on several regions that the three radiologists judged to show a low ADC. Other findings such as capsular retraction, signs of cirrhosis, and lymphadenopathy were not included because these findings were additional and not inherent.
Statistical analysis
Continuous variables were expressed as mean±standard deviation (SD) and were tested using the Student's t test. Tumor markers were expressed as median (minimum and maximum) and were tested using the Mann-Whitney U test. Categorical variables were tested using the Fisher's exact test. A difference with a P value less than 0.05 was considered statistically significant for all tests. JMP Pro version 11 (SAS Institute) was used for analyses.
Results
Patient characteristics are shown in Table 2 . We observed a significant difference in chronic liver disease distribution between the mICC and pHCC groups (P = 0.006). However, six of 14 cases (42.9%) also had background liver disease, even in the mICC group. The two groups had no significant difference in age, gender, or Child-Pugh class distribution. There were no cases of Child-Pugh class C. None of the patients had large amounts of ascites.
Twenty six cases (11 mICC and 15 pHCC) were examined by 1.5 T scanner and 10 cases (three mICC and seven pHCC) were examined by 3.0 T scanner. Previous investigators reported that 3.0 T MRI is similar to 1.5 T MRI for various outcomes (15), thus no significant difference was to be expected between 1.5 T and 3.0 T. MRI results are shown in Table 3 . Lobulated shape was seen in eight mICC cases (57%) and five pHCC cases (23%), respectively (P = 0.036). A fat component was observed in 11 pHCC cases (50%) versus none of mICC cases (P = 0.002). Fibrous capsule was observed in 13 pHCC cases (59%) versus
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none of mICC cases (P < 0.001, Fig.  1 ); hypointense rim on precontrast T1-weighted image and T2-weighted image were detected in 10 and five cases, respectively. Rim enhancement on the dynamic late phase was seen in three cases. A hypointense area on T2-weighted image was seen at the center of the tumor in six of 14 mICC cases (43%) and two of 22 pHCC cases (9%), respectively (P = 0.018). Late enhancement was more commonly observed in mICC (n=10, 71%) than in pHCC (n=3, 14%) (P < 0.001) (Figs. 2, 3 ). No significant difference was observed in terms of intratumoral hemorrhage, arterial enhancement pattern (Figs. 2, 3) , uptake of contrast on the hepatobiliary phase, ADC value, vascular invasion, or intrahepatic metastasis. In pathological evaluation, central fibrous desmoplasia was observed to a greater or lesser degree in all mICC cases, while it was not observed in any pHCC cases. Pathologically, a fibrous capsule was detected in none of 14 mICC cases and 21 of 22 pHCC cases (95%). Of these 21 pHCC cases with pathologically identified fibrous capsule, MRI could identify the fibrous capsule during precontrast T1-weighted phase in 10 patients (47.6%), T2-weighted phase in five patients (23.8%), and dynamic late phase in three patients (14.3%).
Discussion
In this study MRI revealed interesting differences between mICC and pHCC, particularly relating to the presence or absence of intratumoral fat and fibrous capsule, and late enhancement at three minutes after hepatobiliary contrast agent injection.
It is well known that HCC has various degrees of fatty metamorphosis. However, researchers have focused on its relationship in the course of early stage of hepatocarcinogenesis. Fatty change is an important marker for the transformation of premalignant lesions to hepatocellular carcinoma (16) . There are few reports regarding the fatty change of pHCC. Pathological evaluation by Kutami et al. (6) revealed frequencies of fatty change in well differentiated HCC, well-to-moderately differentiated HCC, moderately differentiated HCC, and moderately-to-poorly differentiated HCC as 42.0%, 37.5%, 6.0%, and 0%, respectively. Our study showed that there is a relatively high frequency of fatty change in pHCC (50%). The mechanism of fatty change in pHCC has not been reported previously. In case of small HCC (mainly well differentiated HCC), fatty change is closely related to an insufficient development of the arterial tumor vessels (6) . Arterial blood supply significantly decreases as the histological grade increases in the late stage of HCC development (from moderately differentiated HCC to pHCC) (7), which may be related to the high frequency of fatty change in pHCC.
The imaging features of ICC have been reported by many researchers (3, 4) . Most of these focused on imaging characteristics in relation to the internal desmoplastic change. Maetani et al. (4) observed central hypointensity on T2-weighted images in 27 of 50 cases (54%) of ICC and suggested that this finding, which reflects severe fibrosis, may be a characteristic marker of ICC. In our study, a central hypointense area was seen on T2-weighted images in six of 14 cases (42.9 %), which is concordant with their results. The number of cases exhibiting hypointensity on T2-weighted images (n=6) was lower than that of late enhancement (n=10) in the present study. Coagulation necrosis shows both high and low signal intensity on T2-weighted images and can intermingle with the fibrous stroma, which can affect the internal signal intensity. Another potential cause of this discrepancy may have been the scanning slice thickness (7 mm vs. 3 mm) and contrast resolution.
The standard gadolinium dose for gadoxetic acid (0.025 mmol/kg) is one-fourth that of gadopentetate dimeglumine (0.1 mmol/kg). As the T1 relaxivity of gadoxetic acid is 1.8 times that of gadopentetate dimeglumine (17) , the expected T1 relaxation effect would be expected to be one-half that of gadopentetate dimeglumine (18) . Biodistribution studies of gadoxetic acid have shown dose-independent renal (41.6%-51.2%) and biliary (43.1%-53.2%) elimination and an enterohepatic recirculation rate of approximately 4% (19) . Even though Data are presented as n (%), unless otherwise noted.
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the effect of recirculated or extracellular distribution of gadolinium might be less in gadoxetic acid-enhanced MRI than in gadopentetate dimeglumine-enhanced MRI, our result suggests that the dynamic late phase can give us useful information, similar to delayed enhancement, using an extracellular contrast agent. In addition, despite the absence of functional hepatocytes in mICC, uptake of contrast was seen in four mICC cases on hepatobiliary phase. This is probably due to the remaining contrast in the extracellular space of the tumor. After 2-5 minutes of contrast injection, extracellular contrast agent returns from the interstitial space to the vascular space due to decreased concentration in the vascular space caused by excretion into urine (20) . Furthermore, because of (21), most mICC did not show contrast distribution, in contrast to dynamic late phase. In case of pHCC, the uptake of contrast was observed only in 9% of cases (2 of 22) on hepatobiliary phase, because the expression of uptake transporter (organic anion-transporting polypeptide 8 (OATP8) may decrease as the tumor grade advances (22) . Hepatobiliary phase images were not helpful in differentiating mICC from pHCC in our study, however, hepatobiliary phase is very useful in detection of satellite nodules or intrahepatic metastases (21) . In addition, radiologists should pay attention to the pseudo-washout sign (23) , which shows relatively low signal intensity MRI detection of fibrous capsule using an extracellular contrast agent is reported to be most sensitive on the delayed-phase (24) . Our results showed that precontrast T1-weighted image is the most sensitive at detecting fibrous capsule, while dynamic late phase had the lowest detection rate. Even though there is a fair amount of contrast distribution into the fibrous capsule, increasing signal intensity due to uptake of contrast by the hepatocytes and excretion into bile ducts in the surrounding noncancerous parenchyma may obscure the pseudocapsule (Fig. 4) .
Nishie et al. (25) reported that the mean ADC of pHCC is significantly /s). We can deduce from these data that it is difficult to differentiate mICC from pHCC by means of ADC.
There were several limitations to this study. First, our study population was small because mICC and pHCC are not common diseases. Second, we did not compare the area of late enhancement to that of pathological fibrosis directly. Third, in daily practice, dynamic CT is routinely performed for evaluating liver tumor; thus, delayed enhancement can be easily evaluated. We did not directly compare the diagnostic performance of gadoxetic acid-enhanced MRI and dynamic CT or extracellular gadolinium contrast agent. Fourth, we did not compare with other tumors such as liver metastasis or inflammatory pseudotumor in noncirrhotic liver. In particular, liver metastasis in noncirrhotic liver will be encountered in the daily practice. It goes without saying that patients' medical history is important in making the differential diagnosis.
In conclusion, the absence of fat and fibrous capsule, and presence of enhancement at 3 min are more indicative for mICC than for pHCC.
